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classifications (CSI = 200 ms or 1200 ms), using either (transparent) word cues ("color" and "shape") or (less transparent) letter cues ("C" and "S"). Participants also engaged in either AS (saying "Tuesday" or "Thursday") or a control foot tapping task (both tasks were performed to the beat of a metronome -once every 750 ms). Switch costs were found to be substantially larger in the AS condition than in the foot tapping or silent control conditions, but only with letter cues. The authors conclude that in the absence of an explicit verbal cue, inner speech is used to activate and retrieve the relevant task goal. Liefooghe, Vandierendonck, Muyllaert, Verbruggen and Vanneste (2005) argued for a third role of phonological representations in task-set preparation: maintaining the S-R rules in working memory -but also that such maintenance was needed only on task-repeat trials.
When participants switched predictably among three tasks in an AS or silent control condition they found increased reaction times (RTs) under AS limited largely to repeat trials.
In a second experiment they had participants classify a target based on its shape (square or circle) or color (red or blue). The task-cue either specifically displayed the S-R rule on the screen (e.g. a square on the left and a circle on the right) or was an arbitrary color cue (a yellow hexagon for the shape task and a green hexagon for the color task). The switch cost was larger with arbitrary cuing, but then disappeared under AS. The authors argued that (when the S-R mapping was not on the screen) participants use phonological working memory to maintain the rules on task-repeat trials, but are presumably retrieving the rules from long term memory (LTM) on switch trials (cf. Mayr & Kliegl, 2000) . As Liefooghe et al. (2005, Experiment 2) and Miyake et al. (2004) used similar paradigms, it is surprising that the former found the effect of AS to be mostly restricted to repeat trials, whereas the latter found AS mostly affected switch trials.
The present experiments were designed to examine further the possible role of phonological representations in representing S-R rules for task-set control. Using articulatory suppression as a diagnostic of the use of phonological representation has at least two limitations: it is hard to distinguish between speech-specific effects of AS and general dualtask interference; in addition, finding an effect of AS may not tell us which components of task-set are represented phonologically. We used two other classic diagnostics of phonological coding which can specifically target the representation of S-R rules: the effects of phonological similarity and word length.
It has been known for a long time that immediate serial recall is much worse for lists of letters (Conrad & Hull, 1964) or words (Baddeley, 1966) with phonologically similar names than for lists with dissimilar names. This observation was one of the main drivers of the proposal that an important component of working memory is a buffer capable of holding a sequence of several words or syllables in a phonological code (Baddeley & Hitch, 1974; Conrad, 1964; Morton, 1970) . There remains some disagreement with regards to the locus of the effect, with Baddeley and colleagues ascribing it to processes that take place during retrieval, whilst others attribute it to processes that take place during encoding (Farrell & Lewandowsky, 2003; Oberauer & Kliegl, 2006) . But the presence of the effect clearly demonstrates the use of a phonological representation (see Camos, Mora & Oberauer, 2011) .
A second driver was the word length effect: immediate serial recall of a word list is inversely related to the articulatory complexity/duration of the constituent words, even when they are matched for visual length (e.g. Avons, Wright & Pammer, 1994; Baddeley, Thomson & Buchanan, 1975; Caplan, Rochon & Waters, 1992; Ellis & Henneley, 1980; Longoni, Richerdson & Aiello, 1993) . The most popular interpretation of the word-length effect has been that it reflects the use of a covert articulation process to maintain representations of the items in a phonological buffer in working memory -the "articulatory loop" hypothesis of Baddeley et al. (1975) . Longer words take longer to rehearse, and therefore fewer can simultaneously be maintained within the phonological store. The elimination of the word length and phonological similarity effects under AS (Baddeley et al., 1975) supported the assumption that AS blocks the generation and maintenance of a phonological code. As a rule of thumb, Baddeley et al. proposed that the effective capacity of the phonological buffer is the amount of speech that can be articulated in about two seconds. However, others (e.g. Caplan, Rochon & Waters, 1992; Service, 1998) have argued that the effect of word length is an effect not of articulatory duration, implicating rehearsal rate, but of phonological complexity, implicating the capacity limits of the buffer. For our purposes, the effect is diagnostic of the involvement of a phonological code whether it is due to complexity or articulatory duration.
The task-cuing experiments reported here required participants to switch between two tasks each specified by a set of four arbitrary S-R rules, with or without the opportunity for preparation. We manipulated the articulatory complexity and duration (Experiment 1) or the phonological similarity (Experiments 2 and 3) of the four stimulus terms in a set. Bringing a task-set into a state where it dominates another recently performed task-set still afforded by the stimuli is commonly thought to involve retrieving its S-R rules into working memory from longer-term memory (e.g. Mayr & Kliegl, 2000; Rubinstein, Meyer & Evans, 2001) . If those rules are represented in a phonological code, then one might expect phonological complexity or similarity to create problems. Exactly what the problems will be depends on one's theory. If, for example, maintenance in a phonological code is important only on taskrepeat trials (Liefooghe et al., 2005) then the effects should presumably be restricted to such trials and larger with longer preparation times. If one sees task-set activation as a process of serially activating one S-R rule at a time (e.g. Lien, Ruthruff, Remington & Johnston, 2005) , and if this is done using covert speech, then one might expect the largest effects of articulatory duration and similarity on RT on switch trials, especially when there is no time for pre-stimulus preparation. If phonological representations are used to perform the task (e.g.
by searching for the stimulus term in a list-like representation) then one might expect overall effects on performance of phonological properties or confusability.
However, such predictions assume that the representations used for activating or maintaining S-R rules for task-set control are the same as those used in the phonological buffer. An alternative possibility is that task-set control involves the representation of S-R rules in a procedural working memory buffer (e.g. Meyer & Kieras, 1997; Rubinstein et al., 2001 ) distinct from declarative working memory (including the phonological buffer). Oberauer's (2009) recent account distinguishes between declarative and procedural working memory in just this way. The task-sets in play are represented in the activated part of procedural long term memory, and only the currently operative task-set is held in, and must be retrieved into, a capacity-limited procedure buffer that Oberauer calls the "bridge". RT switch costs include the time it takes to upload the relevant task-set into the bridge when the task changes. Elsewhere we report explorations of the effect of the number of tasks in play and the complexity of the task on this process (van 't Wout, Lavric & Monsell, in preparation, a, b).
Oberauer's (2009) account assumes, as have many others (James, 1890; Anderson 1976 ) that declarative memory (memory for content, lists and arrays, facts and knowledge, "knowing what") and procedural memory (memory for the procedures underlying both cognitive and motor skills, "knowing how") are parallel but separate systems, with separate capacity limits. Evidence for an anatomical distinction began to accumulate in the 1960s (Cohen & Squire, 1980; Milner, 1962) . A long tradition of research on skill acquisition (Fitts, 1954; Anderson, 1982) has suggested that acquisition of a new task-set begins with a "declarative stage", often accompanied by verbal mediation. In a transitional stage this representation (presumably held in declarative memory) is transformed into a set of procedures which then become progressively more automated, and the role of verbal mediation drops away. Indeed, in the practice blocks of task-switching experiments it is common for participants to overtly vocalize both goals (e.g. "color") and rules (e.g. "redleft") or report covertly doing so. Oberauer similarly notes that although declarative representations in working memory cannot control action directly, they can help establish procedural representations (also see Monsell, 2003; Kray, Kipp & Karbach, 2009) . And although the declarative representations might continue to exist thereafter (our participants may continue to rehearse the S-R rules verbally) they may no longer play any functional role in task-set control. One might then expect effects on performance diagnostic of phonological representation to be detectable early in practice but not later.
This idea has received some support. In one experiment (Kray, Eber & Karbach, 2008) , participants alternated predictably between a semantic categorization task and a perceptual color task. As expected, articulatory suppression was found to increase the switch cost, but this effect steadily decreased with practice. However, a large effect of AS on the switch cost remained even after participants had performed over a thousand trials. But as this study did not include an appropriate secondary task control condition (such as the foot tapping control task used by Miyake et al., 2004) , it is possible that at least some of the effect of AS found by Kray et al. (2008) can be attributed to general secondary task demands. Logan and Schneider (2006) present evidence that participants are likely to generate verbal task-mediators when the task-cues are non transparent, but that the use of such mediators decreases with practice.
In summary, if phonological codes are used to represent the set of S-R rules currently in play, we expect to observe effects on performance of articulatory complexity/duration and phonological similarity of the set of stimulus terms, although the exact interaction of these effects with switching and preparation is hard to predict. If, however, task-set control is mediated by non-linguistic representations of S-R rules in procedural working memory, then we would expect no effects of these manipulations, except perhaps early in practice.
Experiment 1
Experiment 1 manipulated the word length of the stimulus terms in the S-R rules of the taskset being engaged. A task-cuing paradigm was used, requiring participants to switch between a task requiring arbitrary key-press responses to a set of pictured objects with monosyllabic names, and an equivalent task in which the set of objects had trisyllabic names mapped to the same set of responses. CSI was varied to manipulate the opportunity for pre-stimulus preparation. If selecting the appropriate S-R rule involves interrogating a phonological representation or covert speech, we might expect to see a main effect on performance of the stimulus term's phonological complexity or spoken duration. If task-set preparation involves reinstating phonologically represented S-R rules in working memory, then task-sets with monosyllabic stimulus terms might be expected to be easier to reinstate, and we would expect them to yield smaller switch costs, especially with no time for preparation. If phonological representations are used for maintenance of the rules we might expect effects at long CSIs also. Hence we also examine the effect of name length on the reduction in switch cost with a longer CSI, which we shall refer to as the "RISC effect". Picture rather than word stimuli were used to avoid confounding phonological with visual complexity. The difference between the two sets of names in articulatory duration was checked in a supplementary experiment (Experiment 1a). Table 1 Procedure and design For each task four object pictures were each mapped to one of four response keys in a row on the PC keyboard, pressed with the middle and index fingers of left and right hands (C, V, B, N). For half the participants, objects with short names were presented in red, and objects with long names in blue, and vice versa for the other half. On each trial, participants saw both a red and a blue object one above the other, equidistant from the fixation point in the centre of the screen. The visual angle between the fixation point and the centre of each image was approximately 1.4°. The red object was above the blue object on half the trials and below it on the other half, so that the location of the task-relevant picture on each trial was unpredictable. Task switches were also unpredictable, with a 1:2 ratio of switch to repeat trials. There were no immediate stimulus repetitions. An auditory cue word told the participant which object to respond to; the cue was 'red' or 'warm' for the red object, 'blue' or 'cold' for the blue object. The cue was selected from alternating pairs so that there were no immediate cue repetitions. Its spoken duration was approximately 350 ms. On each trial, a blank screen (500 ms) was followed by a fixation cross preceding the cue onset by either 1300 ms or 100 ms; the cue's onset then preceded each pair of pictures by either 100 ms (short CSI) or 1300 ms (long CSI), so that the response-stimulus interval (RSI) was kept constant at 1900 ms. Long CSI blocks and short CSI blocks alternated, and the order of CSI was counterbalanced between participants.
---Insert
A new trial sequence subject to these constraints was generated for each participant.
Each block consisted of 1 warmup and 32 experimental trials, and there were 24 experimental blocks in total. Each instance of 2 tasks x 2 cues x 2 CSIs x 32 stimuli x 2 task-repeats and 1 task-switch (768 in total) occurred once. The two pictures displayed on a trial were randomly combined so that one quarter of displays were response congruent (the two objects were mapped to the same key) and three quarters were incongruent. 2 Before the experimental blocks, participants completed a practice session consisting of 2 single task blocks (16 trials each) and 2 task-switching blocks (16 trials each, one long CSI followed by one short CSI block). In the single task practice blocks, half the participants practiced the trisyllables task-set first, and half the monosyllabic task-set. Each of the four responses was made four times in each single task practice block.
At the end of the session, participants were asked if they noticed any differences between the red and the blue objects. Just one participant had noticed the difference in name length, and was replaced.
Selection of images
The images were chosen from a database of line drawings of objects normed for naming latency and accuracy by Wheeldon and Monsell (1994) . The four objects with monosyllabic names and four with trisyllabic names for each participant were each selected from sets of 12 different objects (see Table 1 ), to reduce the chance that any differences in task switching performance between two sets were due to some property of particular pictures. The two sets were matched for naming latency to provide an approximate match for frequency (Oldfield & Wingfield, 1965) and any other property influencing naming latencies. The mean naming latencies from the norms for the 12 monosyllabic and the 12 trisyllabic items were 720 ms and 719 ms, respectively. Each monosyllabic item was approximately matched in naming latency to a trisyllabic item to form one of 12 pairs. Six sets of 4 pairs were created, subject to the following constraints. Each set contained two pairs with naming latency less than 700 ms, and two pairs with latency greater than 700 ms.
Pictures that were either semantically (leg and arm) or perceptually (cucumber and banana) similar were not part of the same set. In this way 6 sets were created: the first contained pairs 1-4, the second pairs 3-6, and so on through the sixth (pairs 11, 12, 1 and 2). Each set was used for four participants.
Results
The first trial of each block and trials following an error were excluded from analysis. Trials with very short (< 200 ms) or very long (> 3000) RTs were also excluded from the computation of mean correct RTs (0.02% of correct responses).
Effect of stimulus name length in the task switching blocks The effects of a task switch, preparation (100 ms or 1300 ms CSI) and task (i.e. name length) are summarized in Figure   2A . Repeated measures ANOVAs with the within-subject variables name length (monosyllabic, trisyllabic), CSI (100, 1300 ms), task switch (switch, repeat), and congruency (congruent, incongruent) were run on the mean correct RTs and error rates. Mean correct RTs were almost identical for the trisyllables task (710 ms) and the monosyllables task (712 ms), F<1, a difference of 2 ± 7 ms 3 . As usual, RTs were faster on long CSI trials (644 ms Turning to interactions involving name length, switch costs were very similar for the monosyllables (80 ms) and trisyllables (75 ms) tasks (a difference of 5 ± 7 ms), F<1, and so were the reductions in switch cost (RISC) with increasing CSI (62 ms and 56 ms, respectively; a difference of 6 ± 17 ms), F<1. However, name length did interact significantly with CSI, F(1,23) = 5.54, p = 0.028: compared to monosyllable items, RTs for trisyllabic items were slightly faster (by 12 ms) for the short CSI, and slightly slower for the long CSI (by 9 ms), but these differences were not separately reliable, and were further qualified by a reliable three-way interaction between name length, CSI and congruency, F(1,23) = 5.341, p = 0.03: RTs were 27 ms shorter for trisyllabic incongruent stimuli at the short CSI, but 13 ms longer at the long CSI, while for congruent stimuli, trisyllabic RTs were slightly longer at both short (3 ms) and long (5 ms) CSIs. Although this result is statistically reliable, there is no obvious explanation for it. The error graph perhaps reveals some evidence of a speedaccuracy trade-off (participants made more errors on trisyllabic items in the short CSI), although the same three-way interaction was not reliable in the % error data.
Error rates were similar for trisyllables (4.4%) and monosyllables (3.9%) tasks, F<1
(a difference of 0.5 ± 0.5%), and the effect of name length interacted reliably with no other variables (all Fs≤1). The error cost was slightly larger when switching to the trisyllables (2.2%) than to the monosyllables (1.6%) task (a difference of 0.6 ± 1%), but the difference did not approach significance, F<1. There were more errors on switch (5.1%) than on repeat trials (3.2%), F(1,23) = 17.11, p < 0.001, and on short CSI (4.6%) than on long CSI ( The analyses described above provide no evidence that phonological representations are used for task-set preparation and maintenance. But conventional null-hypothesis testing does not allow us to affirm the null hypothesis. We therefore applied Bayesian statistics to estimate the likelihood of the null hypothesis being correct given the data, using Masson's (2011) method, which uses the sum of squares of the effect of interest and the error term associated with that effect. We applied this test to three effects of interest in the RT data: the main effect of articulatory duration, the two-way interaction (articulatory duration x switch) and the three-way interaction (articulatory duration x CSI x switch). In each case, we obtained "positive" evidence in support of the null hypothesis and not even "weak" evidence in support of H 1 (based on Raftery's (1995) categorization of degrees of evidence 4 ): the resulting posterior probabilities were all above 0.75 for H 0 and below 0.25 for H 1 (see Table   2 ).
---Insert Table 2 about here ---Effect of stimulus name length during practice Given the possibility, discussed in the Introduction, that phonological mediation of S-R rule representation might play a role only early in practice, three additional analyses were conducted: (1) A 2 (name length) x 2 (CSI) x 2 (switch) repeated measures ANOVA was run on the data from the first two experimental blocks only; (2) The complete data set was also analyzed with block pair as a factor in a 2 (name length) x 2 (CSI) x 2 (switch) x 6 (block pair) analysis; and (3) the single task practice data were analyzed. To avoid empty cells, data for all three analyses were pooled over response congruence and, in the two single-task practice blocks, included trials following an error. Only effects of or interactions with name length are reported. Figure 2C shows performance as a function of name length and switch/repeat over the course of the experimental blocks. There is no hint of an early name-length effect disappearing with practice. And indeed, neither the first nor the second analysis revealed any significant main effects of or interactions with name length, except for a not obviously meaningful marginally reliable interaction between CSI, task and block pair, F(5, 115) = 2.36, p = 0.052 (Huynh-Feldt-corrected). The single task practice data were also analyzed for effects of name length (see Figure 2B ). Although participants were on average 22 ± 27 ms slower in categorizing trisyllabic items, the main effect of name length did not approach significance, F<1. Furthermore, participants actually made more errors on monosyllable items (3.0%) than on trisyllabic items (0.8%, a difference of 1.2 ± 0.9%), F(1,23) = 6.677, p = 0.017. In sum, there is no convincing evidence that name length had an effect on task switching performance or even a detectable effect during the learning of the S-R pairs.
Experiment 1a: Measurement of articulatory duration
If it is articulatory duration rather than articulatory complexity that matters (see Introduction), the null effect of name length argues against a role for phonological codes only if there was an effective difference in articulatory duration between the monosyllabic and trisyllabic items. To check this, the participants who took part in Experiment 1 were asked to return for measurement of their overt and covert articulation rates. Sixteen (of 24) were able to do so. These participants were presented with 2 lists of 4 nouns, which were the nouns depicted by the images the participant had seen during the experiment in the order of the Covert rehearsal rates were then measured. The procedure was identical to that for overt rehearsal except that for each measurement the participant was asked to cycle silently through the list four times, instead of once aloud. In total, this procedure lasted no longer than 10 minutes, after which participants were thanked, paid £1 and debriefed.
For overt rehearsal of one list, the completion times were 1.57 s for a trisyllabic list and 1.10 s for a monosyllabic list, F(1,15) = 174.91, p < 0.001. For four covert rehearsals, the completion times were 4.86 s for a trisyllabic list, and 3.42 s for a monosyllabic list , F(1,15) = 94.52, p < 0.001. The increase in completion times was almost identical for overt (43%) and covert (42%) articulation. Longer articulation times for trisyllables lists were observed for every participant.
Discussion
Experiment 1 set out to investigate whether or not task-set utilization or preparation makes use of phonological representations of S-R rules. It exploited the well-known effect of word length on phonological working memory and required participants to switch between classifying two sets of pictures whose names differed in both phonological complexity (one syllable versus three) and articulatory duration (the three-syllable words took about 40% longer to articulate both overtly and covertly, as shown in Experiment 1a). If phonological representations of S-R rules are maintained in the phonological buffer, we might expect taskexecution to be impaired with more phonologically complex stimulus terms. If covert speech is used for task-set preparation, preparation should take longer for the task with the longer names. But there was no evidence that overall performance, the switch cost or its reduction with preparation were detectably influenced by the spoken word duration, or phonological complexity, of the stimulus terms. Because phonological representations might be particularly important at the start of the experiment, when the task rules are not wellestablished, effects of practice were also analyzed, but provided no clear evidence that name length was important even early in practice.
Experiment 2
The remaining two experiments exploited, in the same way as word length in Experiment 1, the phonological similarity of the stimulus terms in the S-R rules. In Experiment 2, instead of pictured objects, participants switched between identifying two sets of consonants with key presses. Given the substantial impact of phonological similarity on immediate serial recall, if representation in phonological working memory is critical to task-performance or task-set preparation or maintenance, we expect effects of phonological similarity on some aspect of performance in the task-switching blocks. If selecting the appropriate S-R rule involves interrogating a phonological representation we expect a main effect on performance. If taskset preparation involves reinstating phonologically represented S-R rules in working memory, then the task with non-confusable stimulus terms would be expected to be easier to reinstate, and we would expect smaller switch costs, especially with no time for preparation. between identifying with a key press members of a set of similar sounding consonants (either D, P, B and T; or X, S, F and Z) and members of a set of dissimilar sounding consonants (Q, J, R and ?); "?" stands for the fourth letter , which was manipulated between participants to be one of the letters from the phonologically similar set not presented to that participant. This was done so that if an effect of phonological similarity were obtained, it would be possible to compare performance (between participants) for the same consonant when it was a member of a similar and a dissimilar set, and thus test the possibility that the effect is due to some other property of the specific sets of stimuli used. For example, for one participant, the similar set might be D, P, B and T; and the dissimilar set would be Q, J, R and X, and their performance on X could be compared to the performance of other participants for whom X was a member of the similar set X, S, F and Z. For half the participants, letters from the similar set were presented in blue and letters from the dissimilar set in red, and vice versa for the other half of the participants. Participants responded to the letters with the left and right hands' index and middle fingers, using the four leftmost keys on a five keyed response box (with the order of response assignments reversed for half the participants). The composition of both the practice and experimental session blocks was otherwise identical to those of Experiment 1.
Method

Results
The same data exclusion and analysis strategy was applied as in Experiment 1, resulting in the exclusion of 1% of the correct RTs. The overall results are summarised in Figure 3 .
---Insert Figure 3 about here ---
Effect of phonological similarity in the task switching blocks Neither the main effect of phonological similarity on mean correct RT nor any of its interactions approached significance , Fs<1.6. Overall mean RT was no greater for the task with phonologically similar (965 ms) than the task with dissimilar (972 ms) stimulus term (a difference of 7 ± 17 ms). As can be seen from Figure 3A , mean switch costs were similar for phonologically similar and dissimilar conditions (183 ms and 169 ms, respectively, a difference of 14 ± 17 ms), as were RISC effects (114 ms and 124 ms, respectively, a difference of 10 ± 32 ms).
Otherwise, participants were slower on switch (1056 ms) than on repeat (880 ms) trials, a substantial switch cost of 176 ms, F(1,31) = 350, p < 0.001. There was a substantial improvement in performance at the long CSI (826 ms) relative to the short CSI (1111 ms), F(1,31) = 381.38, p < 0.001, and the mean switch cost reduced from 235 ms at the short CSI to 117 ms at the long CSI; a reduction of 119 ms or 50%, F(1.31) = 34.64, p < 0.001. A marginally reliable congruency effect of 15 ms was obtained, with RTs being faster on congruent (961 ms) than on incongruent (976) trials, F(1,31) = 3.7, p = 0.064, and the switch cost was larger on incongruent (191 ms) than on congruent trials (161 ms), F(1,31) = 4.9, p = 0.034.
The % error data largely concurred with the mean correct RT data. Participants committed slightly fewer errors in the phonologically similar (5.9%) than in the dissimilar (6.5%) condition, F(1,31)= 1.78 (a difference of 0.6 ± 0.5%). Participants made fewer errors on repeat (4%) than on switch trials (8.4%), F(1,31) = 76.87, p < 0.001, and fewer errors on long CSI (5.5%) than on short CSI trials (6.8%), F(1,31) = 9.67, p = 0.004. The error switch cost was reduced reliably from 6.2% in the short CSI to 2.5% in the long CSI, F(1,31) = 13.3, p = 0.001. Participants also made fewer errors on congruent (4.7%) than on incongruent trials (7.7%), F (1,31) = 36.95, p < 0.001; and the congruency effect also reduced with preparation, from 3.8% in the short CSI to 2.2% in the long CSI, F(1,31) = 4.68, p = 0.038.
As explained in the method, the dissimilar stimulus set for each participant contained one item (which we call the "common" stimulus) from the similar task-set used by other participants. In order to determine whether the null effect of phonological similarity would still hold when the stimuli were identical (between subjects), a 2 (similar or dissimilar) x 2 (CSI) x 2 (switch) ANOVA was run on a restricted data set containing only dissimilar task trials which required a response to the common stimulus (e.g. excluding responses to the letters Q, J and R when the common stimulus was X) 5 . Mean correct RTs were identical (917 ms) for similar and dissimilar stimulus sets (a difference of 0 ± 26 ms). As can be seen from Figure 4 , switch costs (169 and 183 ms, a difference of 14 ± 28 ms) and RISC effects (159 and 137 ms, a difference of 22 ± 42 ms) were also alike for the similar and dissimilar stimulus sets, respectively. Indeed, for the main effect of, and all interactions with, phonological similarity, F<1. With regards to the % error data, error rates were comparable for the similar (6.8%) and dissimilar (5.9%) task-sets, F(1,31) = 1.54 (a difference of 0.9 ± 0.7%); for all interactions with phonological similarity, F<1. It would appear that the null result of phonological similarity in the complete data set was not due to an effect being masked by an accidental difference in the opposite direction in the difficulty of discriminating the two sets of items, or associating responses to them.
As in Experiment 1 we applied a Bayesian test of support for the null hypothesis to the main effect of phonological similarity, the RT two-way interaction (phonological similarity x switch) and the RT three-way interaction (phonological similarity x CSI x switch). In all cases we again obtained "positive" evidence in support of the null-hypothesis (see Table 2 for posterior probabilities for H 0 and H 1 ).
---Insert Figure 4 about here ---
Effect of phonological similarity during practice To reveal any effects of practice, data are plotted as a function of block in Figure 3C in the same way as for Experiment 1, and the same three analyses were run. There is no suggestion of an effect of similarity present in the initial blocks and then disappearing. For the first analysis, limited to the first two experimental blocks, some participants were excluded (4 participants for the mean RT analysis and 2 participants for the % error analysis) due to empty cells. Only effects of or interactions with phonological similarity are reported.
The first analysis did not reveal any significant effects of phonological similarity during the first two blocks. The three-way interaction between phonological similarity, CSI and switch did approach significance, F(1,27) = 2.99; p = 0.095 in the RT analysis, but no simple main effects of similarity were reliable. The second analysis also did not reveal any interaction of phonological similarity with blocks.
However, as can be seen from Figure 3B , a clear effect of phonological similarity was found in the short single task practice blocks: participants were on average 73 ± 33 ms slower classifying phonologically similar compared to dissimilar items, F(1,31) = 4.86; p = 0.035, and they also made more errors with similar (6.3%) than dissimilar items (4.6%), though this difference (1.7 ± 1.6%) was not reliable, F = 1.06.
Discussion
Experiment 2 further investigated the possibility that S-R rules are represented phonologically for task-set preparation and/or maintenance by requiring participants to switch between sets of task-rules for which the stimulus terms were phonologically similar or dissimilar consonants. Consistent with the findings on word length in Experiment 1, this manipulation had no detectable effect on overall performance, the switch cost or its reduction with preparation. The additional analysis run on the common stimuli (i.e. consonants that were part of a similar set for some participants, and a dissimilar set for other participants) ruled out the possibility that the null effect resulted from an effect of phonological similarity being cancelled out by an unlucky confound between similarity and some other difference in difficulty between the similar and dissimilar sets of items.
Interestingly, the analysis of the two single-task practice blocks did reveal a significant phonological similarity effect: in spite of the small amount of data (only 16 trials each), RTs were reliably greater for phonologically similar compared to dissimilar items, and the error rates differed in the same direction. This finding is important for two reasons:
firstly, it demonstrates that the phonological similarity manipulation used in this experiment can have an effect on performance in these participants. Secondly, it suggests that the contribution of phonologically represented S-R rules to execution of these tasks is extremely short-lived. Indeed, no phonological similarity effect was obtained at the start of the experimental blocks, which began after only 32 single-task practice trials and 32 task-cuing trials. These findings certainly agree with previous suggestions that the role of linguistic representations might be confined to the earliest stages of practice, when task rules are not yet well established.
One potential limitation of Experiments 1 and 2 is that the tasks were not typical of tasks ordinarily used in task-cuing experiments (including those claimed to reveal a contribution of linguistic representations). In most such studies, the tasks between which participants switch, such as color versus letter identification (Goschke, 2000) , or color versus shape classification (Miyake et al., 2004; Liefooghe et al., 2005) , have distinctive goals and require attention to stimuli or attributes from different perceptual or semantic classes. But in Experiments 1 and 2 participants switched between two tasks with identical goals and stimulus types: the goal was "press the key corresponding to the identity of the cued object".
All that changed was the particular set of items that the participant had to (prepare to)
identify. The benefit of this design was that it facilitated the manipulation of spoken word duration and phonological similarity without introducing other confounds, such as task difficulty. The disadvantage is that it remains possible that effects diagnostic of phonological representation might still be found in more commonly used task-cuing paradigms.
That the stimuli consisted of compounds of two univalent stimuli each mapped to bivalent responses suggests another possible limitation. Given that the stimulus components were univalent, could the participants have maintained all 8 S-R rules in procedural working memory on all trials 6 , using some other way to select the appropriate object for response, such as rapidly focusing the spatial attentional "spotlight" on the object with the cued color?
This would require a procedural working memory capacity larger than other experiments in our lab suggest (van 't Wout, Lavric & Monsell, in preparation b) . And, under at least some assumptions, we would still expect effects of phonological similarity (as obtained for immediate serial recall with lists mixing phonologically similar and dissimilar items, Farrell, 2006) . However, it is clearly desirable to test the impact of phonological similarity in a task-cuing paradigm where the stimulus is a single object and the stimulus attribute that must be attended to changes with the task, and this we did in Experiment 3.
Experiment 3
Each participant performed two pairs of tasks in a task-cuing paradigm, one pair in each of two sessions. In one session, the stimulus was one of four consonants displayed in one of four visual textures (see Figure 5 ). Participants were cued to identify the consonant or its texture by pressing one of four keys. The set of four consonants had phonologically similar or dissimilar names, as in Experiment 2. In the other session, the stimulus was one of four line drawings of an object displayed in one of four colors. Participants were cued to identify with a key press either the object or the color in which it was drawn. The object names were phonologically similar or dissimilar.
Half the participants were given phonologically similar letter names to identify in the letter task, and phonologically dissimilar object names in the object task. The other half were given phonologically dissimilar letter names, and phonologically similar object names. Hence although phonological similarity was manipulated between subjects for one task pair, it was manipulated in the opposite direction between the same set of subjects for the other task pair.
Introducing this between-group variable ensures that across groups, the materials used (consonants, pictures) for the tasks with phonologically similar and dissimilar stimulus names were matched.
Method
Participants Sixteen participants (aged between 18 and 23 [M = 20.1]; 6 male and 10 female) provided informed consent prior to taking part. In return for participation, all participants received between £10.60 and £15, depending on the speed and accuracy of their performance.
Procedure and design
In order to manipulate phonological similarity within subjects, two sets of stimuli (see Table 3 ) were used: colored pictures and patterned letters (see Figure 5 for examples). Each participant completed two sessions on consecutive days, switching between the color task and the picture task in one session, and the letter task and the pattern task in the other session. The order of task pairs was balanced orthogonally to the manipulation of similarity. The phonological similarity of the pictures and letters was manipulated as described above, so that for half of the participants, the letters were phonologically similar, and the pictures dissimilar, and vice versa for the other half of participants. The letters used in this experiment were identical to those used in Experiment 2 and phonological similarity was manipulated in just the same way. The letters could be filled with 4 different textures (see Figure 5 ), resulting in a total of 16 stimuli per participant. For the object task pair, the pictures were line drawings of monosyllabic nouns selected from the International Picture Naming Project (Bates et al., 2003) . For this task pair four sets of pictures (2 similar sets and 2 dissimilar sets) were used. One similar set comprised four objects with rhyming names (king, ring, swing, wing), and the other comprised four objects whose names shared onset and vowel nucleus (boat, bone, bowl, bow). The items in the similar sets were matched for naming latency with the items in the dissimilar sets. The auditory cue words instructing participants which task to perform were: "letter" and "symbol" (letter task), "pattern" and "texture" (pattern task), "picture" and "image" (picture task) and "color" and "paint" (color task). Both letters and objects subtended a visual angle of about 5.7°.
Apart from these details, and the fact that the stimulus replacing the fixation point was a single central letter (in one session) and object drawing (in the other), the design and procedure for each session of Experiment 3 were identical to those of Experiments 1 and 2.
Each session consisted of 792 trials (split up into 24 blocks of 33 trials), preceded by two single task practice blocks of 16 trials, and two blocks of 16 task-cuing practice trials.
Results
The same exclusion criteria were used as in Experiments 1 and 2, resulting in the exclusion of 0.06% of correct RTs. As before, a 2 (similar, dissimilar) x 2 (100, 1300 ms CSI) x 2 (switch, repeat) x 2 (congruent, incongruent) ANOVA was run on the mean correct RTs and errors.
An additional between-subjects variable (task assignment) distinguished between participants who had identified similar letters and dissimilar picture names, and participants who had done the reverse.
---Insert Figure 6 about here ---Effect of phonological similarity in the task switching blocks As in Experiment 2, mean correct RTs were no shorter for dissimilar (769 ms) than for similar (755 ms, a difference of 14 ± 45 ms) stimulus sets, F<1. Similar and dissimilar task-sets also yielded comparable switch costs (84 ms and 74 ms, respectively, a difference of 10 ± 16 ms), F < 1, and RISC effects (42 ms and 37 ms, respectively, a difference of 5 ± 31 ms), F<1.
Overall, there was a reliable switch cost of 79 ms, F(1,14) = 40.69, p < 0.001, a reliable CSI effect of 139 ms, F(1,14) = 46.11, p < 0.001, and a reliable congruency effect of 53 ms, F(1,14) = 83.05. The switch cost reduced from 99 ms in the short CSI to 59 ms in the long CSI, F(1,14) = 8.94, p = 0.010, and the switch cost was also larger on incongruent (72 ms) than congruent (34 ms) trials, F(1,14) = 11.78, p = 0.004.
Although there were no effects of similarity (as above), there were (near) reliable interactions involving similarity and task assignment (similarity x task assignment, F(1,14) = 33.13, p < 0.001; CSI x task assignment, F(1,4) = 36.34, p < 0.001; similarity x CSI x switch x congruency x task assignment, F(1,14) = 4.46, p = 0.053). It is important to include task assignment as a factor to remove systematic effects of task from the error variance used to test the effects of interest, but these interactions of task assignment and phonological similarity largely reflect the relatively uninteresting difference in task difficulty: RTs and errors were greater for the letter task (835 ms and 6.2%) than for the object task (698 ms and 3%), so that in one group of subjects the phonologically similar stimulus names specified the more difficult task, and in the other group they specified the easier task.
As a different (but less powerful) test for an effect of phonological similarity, separate ANOVAs (CSI x switch x congruency) were run for each task with phonological similarity as a between-subjects factor. Though the means suggest a small phonological similarity effect in the object task (47 ms), and a larger reverse similarity effect (RTs 73 ms longer for dissimilar stimuli) for the object task, neither the effect of similarity nor any of its interactions approached significance in either task, Fs<2.67 for the object task, and Fs<1.75 for the letter task.
Overall error rates were comparable for similar and dissimilar stimulus sets (4.3 % and 4.9%, respectively, a difference of 0.6 ± 1.4%), as were switch costs (2.9% and 2.6%, respectively, a difference of 0.3 ± 1.2%), F<1. The RISC effect was somewhat larger for similar (3.3%) than dissimilar (0.6%) stimulus sets but not reliably so (a difference of 2.6 ± 1.9%), F(1,14) = 1.94, ns. In the errors there was an overall switch cost of 2.8%, F(1,14) = 22.09, p < 0.001, and a congruency effect of 5.2%, F(1,14) = 14.11, p = 0.002. Switch costs were also larger on incongruent (6.6%) than congruent (3.8%) trials, F(1,14) = 5.77, p = 0.031, and marginally larger in the short CSI (3.7%) than in the long CSI (1.8%), F(1,14) = 3.52, p = 0.082.
This analysis also yielded reliable interactions involving similarity and task assignment (similarity x task assignment, F(1,14) = 7.6, p = 0.015; similarity x task assignment x switch, F(1,14) = 5.6, p = 0.040; similarity x task assignment x congruency, F(1,14) = 6.54, p = 0.023), again reflecting the differences in difficulty of the object and letter tasks, but separate ANOVAs for the letter and object task (as for the RTs) revealed that neither the effect of similarity (-0.5% in the object task and -0.6 in the letter task) nor any of its interactions approached significance in either task, Fs < 2.23 for the object task, and Fs < 1.99 for the letter task.
Finally, Bayesian tests again revealed "positive" evidence for the null hypothesis with regards to the main effect of phonological similarity on RT, the two way interaction (phonological similarity x switch) and the three-way interaction (phonological similarity x CSI x switch); see Table 2 for posterior probabilities for H 0 and H 1 .
Effect of phonological similarity during practice Effects of practice were analyzed in the same way as in Experiments 1 and 2. The first analysis was a 2 (similarity) x 2 (CSI) x 2 (switch) repeated measures ANOVA on the data from the first two experimental blocks, with task assignment as a between-subjects variable (pooling over congruency). One participant was excluded from the analysis because of an empty cell. In the RTs, there was no reliable main effect of similarity, F<1, though the switch cost was larger for the phonologically similar items (109 ms) than for the dissimilar items (10 ms), F(1,13) = 3.54, p = 0.083 (all other interactions with similarity, F<1). For the errors, for the main effect of similarity and its interactions, F<1, except for the three-way interaction between similarity x CSI x switch, F(1,13) = 3.08, p = 0.103 (for similar items, switch cost reduced from 7.9% in the short CSI to -1.6% in the long CSI, RISC of 9.5%; for dissimilar items, there was a switch cost of 1.7%
in the short CSI and of 4.7% in the long CSI, RISC of -3%).
The second analysis (includes block pair as a factor in a 2 (name length) x 2 (CSI) x 2 (switch) x 6 (block pair) analysis) revealed no reliable effect of or interaction with phonological similarity in the RTs or the errors. Figure 6C does not suggest any meaningful modulation of the lack of effect of phonological similarity by practice.
Finally, the single task practice data was analyzed. As in Experiment 2, RTs were slower for phonologically similar items (882 ms) than for dissimilar items (847 ms), although this difference of 35 ± 80 ms was not significant, F<1. However, participants also committed more errors on phonologically similar (5.1%) than dissimilar trials (1.1%), and this phonological similarity effect of 4.0 ± 1.8% was significant, F(1,14) = 6.17, p = 0.026 (see Figure 6B ). Altogether, the practice analyses largely replicated the pattern of results obtained in Experiment 2: there was no effect of phonological similarity, except during the single task practice blocks, and (in this case) a marginally reliable effect on the switch cost in the first two switching blocks.
Discussion
The aim of Experiment 3 was to extend the result obtained in Experiment 2 to the case of switching between tasks requiring attention to different attributes of a single stimulus, and hence more closely resembling the paradigms used in other experiments on the role of phonology in task-set control. The results were entirely consistent with the findings of Experiment 2. Phonological similarity of the stimulus terms in the S-R rules had no systematic effect on overall performance, on task-switch costs, or on task-set preparation as indexed by the reduction in switch cost with preparation. However, as in Experiment 2, a transient but reliable effect of phonological similarity effect was found in the initial singletask practice blocks, and there was some evidence that the RT switch cost for phonologically similar stimulus terms in the first pair of cuing blocks was also greater.
General discussion
Accounts of task-set control generally distinguish between a level at which goals or tasks are represented, selected and activated, and a level at which the implementation of a task -its procedures or rules -is represented and activated. Previous studies have suggested that linguistic and specifically phonological representations might contribute to task-set control, but exactly how remains unclear: roles proposed include keeping track of a task sequence when it must be held in memory (Bryck & Mayr, 2005) , aiding (or even implementing) task goal retrieval or activation (Goschke, 2000; Miyake et al., 2004) and maintaining the S-R mappings in the phonological buffer (Liefooghe et al., 2005) . In three experiments on switching between simple four-choice tasks with 1:1 S-R mappings, we investigated whether their S-R rules are represented phonologically for task-set performance, preparation or maintenance. Whereas previous experiments have used the effect of articulatory suppression (AS) as diagnostic of phonological mediation, we manipulated the word length (Experiment 1) and phonological similarity (Experiments 2 and 3) of the stimulus terms in sets of S-R rules.
On the whole we found no effect of either word length or phonological similarity on task-cuing performance, the switch cost or its reduction with preparation. These results argue against the idea that S-R rules are represented phonologically for task-set preparation, maintenance or implementation. Hence our results are inconsistent with Liefooghe et al.'s (2005) idea that the phonological buffer is used to maintain S-R mappings on repeat trials.
They based their conclusions on two key findings: (1) smaller switch costs (due to inflated RTs on repeat trials) under AS, and (2) the disappearance of this effect when the task cues explicitly represent the S-R mappings. But it is possible that either or both of their manipulations (AS and cue type) affected a component of task-set control -such as activation of the task-set -other than the representation of S-R mappings (though this still would not explain why their effect was limited to repeat trials); task-cues that explicitly provide the S-R rules arguably eliminate not only the need for S-R maintenance in WM, but also the need for task-goal activation/retrieval and cue interpretation.
Another possible source of the discrepancy between our result and that of Liefooghe et al. (2005) might be that whereas we manipulated word length and phonological similarity within blocks, they (and others) manipulated AS between blocks (presumably because it would be difficult to vary the dual-task instructional set from trial to trial). For this to be a critical difference we would have to believe that phonological similarity or complexity has such a deleterious effect on task-set representation or control that it causes participants to abandon the use of phonological representations completely during any block in which phonologically similar or complex stimulus terms are used, so that only a between-block manipulation could detect an effect. If this were the case, it is striking that the pattern of switch costs, RISC and congruency effects is so typical. We also note that in serial recall experiments, mixing phonologically similar and dissimilar lists does not prevent huge effects of similarity (e.g. Baddeley, 1966) . Even within-list mixtures of phonologically similar and dissimilar items do not prevent effects of similarity from emerging (Farrell, 2006) . The implication would appear to be that for serial recall, participants do not have a nonphonological form of representation available that is efficient enough to be worth retreating to in spite of the confusability of phonological codes.
Although our results suggest people do not use phonological representations to activate or maintain S-R mappings, they do not exclude the possibility that phonological representations are used at another level of task-set control. Indeed Miyake et al.'s (2004) findings suggest that a phonological representation of the task label does aid task-set retrieval (e.g. by activating the task-goal through verbal self-instruction), particularly when the meaning of the task cues is not transparent. Hence phonological representations of task names may contribute to task-set control at the task-set level, even though phonology is not used to represent or activate the S-R rules. Elsewhere we will present evidence suggesting that selecting a task from among alternatives and activating a S-R rule within a task-set are also subject to different kinds of capacity limit (van 't Wout, Lavric, & Monsell, in preparation, a, b) , consistent with different principles operating at the two levels of action control.
How then are S-R rules represented, if not phonologically? Our results are consistent with the idea that the currently operative task-set is represented in a procedural working memory buffer (Rubinstein et al., 2001; Oberauer, 2009) , separate from declarative WM, and although declarative (possibly phonological) representations may aid the formation of novel task-sets, only compiled procedures in the buffer can control action. Alternatives appear unlikely. S-R mappings might be stored in declarative working memory in a nonphonological form, but we know that people readily use phonological representations for short term maintenance even when alternative options (e.g. visual imagery) are available (see Camos, Mora, & Oberauer, 2011) . The other alternative is that the S-R mappings are maintained phonologically in procedural working memory but in a way that is somehow immune to manipulations of word length and phonological similarity that have large effects on declarative working memory. This seems both implausible, and at odds with the basic rationale for the existence of procedural working memory: the need to compile perceptuomotor translation procedures into a code appropriate for their performance, rather than their communication.
Finally, we did find an effect of phonological similarity in the single task practice blocks (the first 32 trials; Experiments 2 and 3) and in the initial task-switching blocks (Experiment 3). This finding demonstrates that our phonological similarity manipulation can affect performance and supports previous suggestions (e.g. Fitts, 1954; Kray et al., 2008; Oberauer, 2009 ) that linguistic representations might be particularly important in the early stages of practice. Our results suggest that, at least for these small sets of S-R rules, to proceduralize an initially declarative representation through practice is a rapid process: after 32 single task trials and 32 task-cuing trials, there were no reliable effects of word length or phonological similarity. Further detailed investigation of the time course of proceduralization within a single task-set would seem to be warranted, using effects of phonological similarity, duration and perhaps AS as markers. Table 2 Posterior probabilities for H 0 and H 1 given the data. According to Raftery's (1995) classification of degrees of evidence in all cases the evidence for H 0 is positive, and the evidence for H 1 is less than weak. 
